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We report on the development of Electron Holographic Tomography towards a versatile potential measurement technique, overcoming several limitations, such as a limited tilt range, previously hampering a reproducible and accurate electrostatic potential reconstruction in three dimensions. Most notably, tomographic reconstruction is performed on optimally sampled polar grids taking into account symmetry and other spatial constraints of the nanostructure. Furthermore, holographic tilt series acquisition and alignment have been automated and adapted to three dimensions. We demonstrate 6 nm spatial and 0.2 V signal resolution by reconstructing various, previously hidden, potential details of a GaAs/AlGaAs core-shell nanowire. The improved tomographic reconstruction opens pathways towards the detection of minute potentials in nanostructures and an increase in speed and accuracy in related techniques such as X-ray tomography.
Tomographic techniques use lower dimensional projections of n-dimensional data to reconstruct the original quantity. This principle dates back to the work of the Austrian mathematician J. Radon [1] and to date applications in fields as diverse as medicine, geophysics, material science and quantum information are reported. Our main goal is the tomographic re-construction of 3D electrostatic potentials in nanostructures. They are tightly connected to the chemical composition and electronic structure and therefore mirror the corresponding functionality and possible failures. Off-axis electron holography (EH) provides unique access to these fields [2] [3] [4] because the reconstructed phase is in the phase grating approximation proportional to the potential projected along lines l ϕ (x, p) = C Eˆl (x,p,θ) V (r) ds mod (2π) (1) which holds for a wide range of imaging conditions [5] . Here, C E denotes the electronmatter interaction constant depending only on the acceleration voltage of the electrons (C E = 6.5 mrad/(Vnm) @ 300 kV), (x, p, θ)
T the coordinates of the detector, and r = (x, y, z) T the coordinates in real space as explained in Fig. 2 .
In particular the x-axis is set parallel to the tilt axis in order to reduce the 3D reconstruction to a slice by slice 2D tomographic reconstruction problem in planes perpendicular to the tilt axis.
Following the mathematical foundations of tomography (e.g. [6] ), the collection of pro- for EHT dates back to the work of Lai et al. [7] , however, quantitative reconstructions [8] [9] [10] were delayed for a long time mainly for [14] ). Since such conditions typically introduce an additional regularization error, the art of regularization consists of minimizing the total error of both original and regularization error.
That task is further complicated by the fact that these errors are generally unknown [15] . It is therefore always advantageous to use preferably error-free conditions based on real physical properties of the potential such as physical spatial constraints (e.g. [8] ). That can be due to outer or internal boundaries of nanoparticles or symmetries imposed by the crystal structure.
How spatial constraints can be used to improve the tomographic reconstruction will be discussed in the following section. We will fur- [18, 19] . Note that these features are crucial for envisaged applications of semiconductor NW in future nano-scaled electronic, optoelectronic, and photovoltaic devices [20] [21] [22] . Moreover, we previously investigated this system with less developed EHT techniques [17] , rendering it the ideal test case for verifying the achieved progress. (Fig. 2a) ). The latter could be largely removed by normalizing the average of the projected potentials at all angles to the same value, in agreement with a dynamical correction factor approach [25] . Therefore, we use a conjugate gradient method implemented in the LSQR algorithm [30] to reduce significantly the number of iterations (due to a weaker quasi Tikhonov regularization) and thus computing time.
II. RESULTS
We present results from a tomographic reconstruction incorporating a 3-fold symmetry constraint and 10 LSQR iterations on a 13800 × 11700 Radon matrix for a polar grid. We furthermore note that a small charging of the NW could be observed through stray fields in the vacuum (see Fig. 1 ). Its influence on the reconstruction was tested to be around 0.1 V by reconstructing with and without constraining the vacuum to 0 V in the reconstruction. The reconstructed 3D potential of the GaAs-Al 0.33 Ga 0.67 As NW, which is illustrated by means of isosurfaces and yz-slices in Fig.   4b shows a slightly deformed 6-fold symmetry in the core-shell region corroborating the symmetry test performed on the projection data (Fig. 2b) . We emphasize that due to the symmetry constraint missing wedge artifacts are now completely absent (see [17] for compari- The Au NP at the NW tip has an average potential of 27.8 ± 0.2 V (Fig. 4a,d The most remarkable features are characteristic 3-fold symmetric lines of reduced potential along {112}-directions of the NW (Fig. 4e ).
This observation is in striking agreement with the facet-dependent Al-segregation recently reported for this system [18, 34] , and ascribed to polarity-driven surface reconstruction during AlGaAs shell growth. Noteworthy, in Refs. [18, 34] Al-enrichment along {112}-facets was is funded by the European Union (ERDF) and
